Soil polluted with heavy metal ions is a serious environmental problem. Rabbit protein, prepared by reduction method C, had excellent adsorption performance of heavy metal ions. The adsorption mechanism of rabbit protein was studied and the adsorption process could be well described by the quasi-secondary dynamics equation. When the dosing quantity of rabbit protein powder was 50 g/l and the adsorption time was 180 min, the removal rate of Cu 2+ reached 58.52%. Combining the zeolite powder and using the principle of electro spinning, the nano protein membrane was prepared to adsorb copper ion in the soil, which was efficient, low-cost, and achieved excellent adsorption effect. Hence it could be used as a new type of adsorption material to work out the pollution of heavy metals in the soil. Using waste to treat waste not only realized the reasonable use of a natural protein resource, but also had a certain practical significance on the safety of green organic food.
Introduction
As a natural resource for human survival, soil plays an important role on the ecological environment. The pollution of heavy metal ions in the soil is spreading from local to regional areas -even the whole world. Heavy metal pollution is detrimental to the environment immediately or potentially. The greatest threat is its degradation, which can exist in the environment for a long time, and migrate to all spheres of the earth's surface system [1, 2] . It can also enrich the human body through the food chain, and translate into metallo-organic compounds that have stronger toxicity [3, 4] . Unlike water pollution and air pollution, soil pollution is hidden and unnoticeable, and just for this reason, people have not paid enough attention to it, which leads to a serious consequence. Until now, Chinese agricultural acreage polluted by heavy metals such as Cu, Pb, and Cr has exceeded 20 million, which leads to a reduction in grain yield of more than 10 million tons annually [5] .
Thus it can be seen that heavy metal pollution of soil is not only a threat to the plate and soil organism but also a challenge to the survival of humanity itself. Many methods have been applied to soil remediation, such as reverse osmosis, membrane filtration, and the adsorption method [6, 7] -the most important physical-chemical method for its low cost, good effect, and high operability. There are a variety of adsorbing materials in soil remediation, which can be divided into three major categories: a) inorganic minerals including clay, activated carbon zeolite, and molecular sieve b) artificial synthetic materials, including polyvinyl resin and silicone resin c) biomass materials, including lignin, chitosan, and protein As one kind of biomass material, rabbit hair has very high protein content (about 93%) and relatively low crystalline content (13.84-15.50%) [8] . Rabbit hair is abundantly present in textile processing due to its poor spinnability [9] . All wastes are mostly disposed of in landfills, since burning them is inefficient and brings contamination because of the sulfur content of 3-4% [10] . Meanwhile, the numerous amino and amide groups that exist on the rabbit natural protein macromolecule backbone and side chain can bind the heavy metal cations [11] , thus making rabbit natural protein become a potential heavy metal ion adsorbent [12, 13] . However, few studies have focused on the rabbit protein adsorption mechanism. Furthermore, little work has been done on preparing the newly heavy metal ion adsorbents with rabbit protein. Therefore, the aim of this study was to research the adsorption properties of copper (II) ions by rabbit protein. Due to the good adsorption and low cost of zeolite powder, it was firstly used to be the core of nano protein membrane, which was prepared by electrospinning to remediate the soil heavy metal ion pollution.
Material and Methods
The rabbit protein was prepared by reduction method C. Rabbit hair was cleaned, cut into small snippets, and then dissolved in an aqueous solution of urea, sodium bisulfite, and sodium dodecyl sulfate and heated to 85ºC for 4 h in a water bath pot. Then dialysis and freeze drying were used to prepare the rabbit protein particle.
Nano Protein Membrane [14] was prepared by electrostatic spinning. Firstly, a zeolite wafer was mixed with the synthetic zeolite and ceramic clay at a ratio of 2.5:2, shaped by a homemade abrasive tool (thickness of 5 mm, diameter of 27 mm), and burned in a tube furnace at 1300ºC for 6 h. The zeolite wafer was prepared. Secondly, the electrospinning solution was prepared by dissolving the rabbit protein in polyethylene glycol 600, dripping two drops of waterborne polyurethane resin as film-former, and oscillating into the ultrasonic cleaners for 30 min. The solution was prepared. Lastly, the zeolite wafer was fixed in the rotating stainless disk and the nano protein membrane was prepared by electrospinning with a voltage of 22 kv, flow rate 0.008 ml/min, and a trip to the target distance of 15 cm. Then 50% glutaraldehyde was used to crosslink with steam for 4 h. The nano protein membrane was prepared.
Fourier-transform infrared spectroscopy (FT-IR) of rabbit hair fibre and rabbit hair protein was performed in a NICOLET IS50 Fourier-transform spectrometer, at a resolution of 4 cm -1 over the wave number range of 4000-400 cm -1 using the KBr pellet method. The rabbit protein and nano protein membrane morphology were observed under S-4800 and TM-1000 field emission-scanning electron microscopes. Before SEM analysis, the samples were sputter coated with a gold layer by using an Emitech K550 sputter. The particle size was measured by particle size distribution software and tested 100 times. Then the average value was evaluated.
For the metal ions adsorption tests, standard solutions of Cu 2+ 5, 10, 15, 20, 25 , and 30 mg/ml were prepared by dissolving an appropriate amount of pure copper in distilled water. Then, two heavy metal adsorbents were used in this study: pure rabbit protein and nano protein membrane. The UV2401PC ultraviolet-visible spectrophotometer was used to measure Cu 2+ concentration at a wavelength of 810 nm, calibrated with the standard solutions of Cu 2+ 5, 10, 15, 20, 25, and 30 mg/ml.
The adsorption capacity by the adsorbents was calculated using Eq. (1):
The percentage removal efficiency of Cu 2+ was evaluated as Eq. (2):
Removal percentage (%) = (C 0 -C)/C 0 ×100% (2) ...where Q (mg/g) is the adsorption capacity of the adsorbents at a given time; V is the volume (ml) of the Cu 2+ solutions; C 0 and C are the Cu 2+ concentration (mg/ml) initially and at a given time, respectively; and W is the mass (g) of the adsorbents.
To optimize the adsorption time, the rabbit protein, accurately weighing 5 g, was bathed in 100 ml copper sulfate solution and kept shaking for 20, 40, 60, 90, 120, 180, and 300 min. Then the solution was collected in a centrifuge tube and centrifuged for two min in the centrifuge, and the supernatant fluid was determined to evaluate the concentration of Cu 2+ .
To optimize the adsorption dose quantity, the rabbit protein was accurately weighed at 0.5, 1.0, 1.5, 2.5, 5, and 10 g and bathed in 100 ml copper sulfate solution and kept shaking for 180 min. Then the solution was collected in a centrifuge tube and centrifuged for two min in the centrifuge, and the supernatant fluid was determined to evaluate the concentration of Cu . In addition, to ensure the accuracy of the results all measurement and test were done in triplicate.
Results and Discussion
Rabbit protein and nano protein membrane characterization is reported in Fig. 1 . Rabbit protein is shown in Fig. 1 (a) . The average particle size of rabbit protein, which was prepared by reduction method C, was 177 nm. And because of the freeze drying method, the rabbit protein particle was dispersed evenly. Nano protein membrane is shown in Fig. 1 (b) . The rabbit protein was dispersed uniformly in the surface of zeolite. The strength and toughness of the nano protein membrane was excellent.
The infrared spectrum of rabbit hair fibre and rabbit hair protein extracted by reduction-C method are shown in Fig.  2 . It could be seen that both of them have the typical molecular structure that characterize absorption peaks of protein, including Amide I (C=O), Amide II (-NH 2 ), hydroxy, and carboxyl groups [15] . Compared with rabbit hair fibre, the absorption peak of Amide I in rabbit protein switched from 1,619 cm -1 to 1,657 cm -1 , which indicated the molecular conformation of rabbit protein has changed from α-helix to β-pleated sheet. This might because part of the α-helical conformations were broken during the reduction reaction process and led to a decline of molecule chain alignment of rabbit protein. Meanwhile, the absorption peak of Amide II (-NH 2 ) in rabbit hair protein shifted from 1,451 cm -1 to 1,500 cm -1 , which might be because along with the breakage of hydrogen bonds among the rabbit macromolecules, the cyclic structures of protein molecules were broken, which enhanced the polarity of the carbanyl group as a result of the absorption peak of C=O moving to a high wave number [16] .
The Cu 2+ absorbability of rabbit protein is reported in Fig. 3 . The standard curve of copper sulfate solution is shown in Fig. 3(a) . The linearized equation was: Y = 0.04995 × X -0.0032, R=0.9998
The optimization of the rabbit protein adsorption time is shown in Fig. 3 (b) . As adsorption time increased, adsorption efficiency increased. The adsorption rate was fast within 90 min, but after 180 min, with the increase of adsorption time, the increase of adsorption efficiency was not obvious and the percentage removal reached 58.52%. Thus, the optimal rabbit protein adsorption time was 180 min.
The optimization of the rabbit protein adsorption dosing quantity is shown in Fig. 3 (c) . With the increase of adsorption dosing quantity, the percentage removal of Cu 2+ increased. But after the dosing quantity of 50 g/l, as the dosing quantity increased, the adsorption quantity decreased. Hence, the optimal of the rabbit adsorption dosing quantity was 50 g/l and the excellent adsorption of Cu 2+ was verified.
For the further study of the rabbit protein adsorption properties of copper (II), the pseudo-first-order kinetic equation, quasi-secondary dynamic equation, and particle diffusion equation were used, respectively, to fit the adsorption tests data. The equation correlation coefficient, which was obtained from the model after linearization, was used to inspect the fitting results. Data processing was carried out with ORIGIN 7.0 software. As shown in Fig. 3 (d) , the quasi-secondary dynamic equation had a good fitting regression effect more conducive to describing the process of rabbit protein adsorption of copper (II). The linearized equation was:
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The analysis showed that the adsorption process fit the quasi secondary dynamic equation, which meant the course of rabbit protein adsorbing heavy metal ion was a complex process including the surface diffusion intragranular diffusion process [17] . The surface diffusion included a combination of heavy metal ions and active groups such as carboxyl, amino, and hydroxy groups existing on the surface of adsorbent (passive adsorption); while the initiative adsorption was the diffusion, transmission and deposition of heavy metal ions were inside the adsorbent [18, 19] . The quasi-secondary dynamic equation could be used to simulate the adsorption process of rabbit protein to Cu 2+ . The adsorption property of nano protein membrane is shown in Figs. 3 (e) and (f). When the adsorption dosing quantity was 10 g, the percentage removal of Cu 2+ reached 60.9% and the adsorpion quantity was 60.9 mg/g. Compared to the rabbit protein, if the adsorbent dosage were the same 5 g, the percentage removal of Cu 2+ was, respectively, 55.32% and 58.52%. Although the result of the former was slightly lower than the latter, the content of rabbit protein was much lower than the latter because of the zeolite powder. So the cost of adsorbent material was greatly reduced, while maintaining the high percentage removal. Due to the high specific surface area and the numerous amino and amide groups, the nano protein membrane had great application potential in the adsorption industry and soil remediation.
Conclusion
In this work, the rabbit protein particle having a mean diameter of about 177 nm and the nano protein membrane were prepared by electrospinning. Morphology characterization of the rabbit protein showed that the average particle size of rabbit protein was 177 nm and dispersed evenly, and the nano protein membrane was dispersed uniformly in the surface of zeolite. The strength and toughness was excellent.
The adsorption tests showed that the optimal rabbit protein adsorption time and the dosing quantity was 180 min and 50 g/l, respectively. The percentage removal reached 58.52% and the excellent adsorption of Cu 2+ was verified. The analysis of the rabbit protein adsorption mechanism showed that the quasi-secondary dynamic equation had a good fitting regression effect more conducive to describing the process of rabbit protein adsorption of copper (II).
The adsorption tests of nano protein membrane showed that when the adsorption dosing quantity was 10 g, the percentage removal of Cu 2+ reached 60.9% and the adsorption quantity was 60.9 mg/g. The cost of adsorbent material was greatly reduced while maintaining the high percentage removal. The nano protein membrane had great application potential in the adsorption industry and soil remediation.
Using the waste of rabbit hair to treat the pollution of heavy metal ions in the soil not only realized the reasonable use of a natural protein resource, but also had a certain practical significance for the safety of green organic food. 
